ABSTRACT. There are limited studies available for appetite-related hormonal changes in bovine tuberculosis, therefore the purpose of this study was to determine the changes in appetite-related hormones (leptin, ghrelin, and nesfatin -1) of cattle with tuberculosis and to clarify their possible roles. A total of 30 cattle, comprising 15 clinically healthy cattle and 15 cattle infected with tuberculosis were enrolled in the study. The diagnosis of tuberculosis was performed by tuberculin skin test, and changes in the concentrations of ghrelin, leptin, nesfatin-1, lipid profile and muscular enzymes in cattle with tuberculosis were determined. It was found that nesfatin-1, ghrelin and muscular enzymes concentrations were higher in bovine infected with tuberculosis than in the healthy controls. On the other hand, leptin, triglyceride, low density lipoprotein (LDL), high density lipoprotein (HDL), and total cholesterol levels were all lower in the tuberculosis group when compared to the control group. In this study, we detected serum nesfatin-1 concentrations for the first time in Mycobacterium bovis infection in addition to the other known appetite-related hormones. The data suggest that increased concentrations of nesfatin-1 may play a role in weight loss in bovine tuberculosis, but there is a need for further studies to determine its exact role in the etiopathogenesis of bovine tuberculosis.
INTRODUCTION
Bovine tuberculosis (BTB, Mycobacterium bovis infection), caused by Mycobacterium bovis, is a chronic infectious disease that affects humans and domestic animals, particularly cattle (Carstensen and DonCarlos 2011, Wang et al 2011) . Among domestic animals, cattle are the primary reservoir for human tuberculosis, caused by M. bovis (Okafor et al 2011) . Weight loss, cachexia and protein energy malnutrition are common signs of Mycobacterium bovis infection.
Nutrition is the most important factor affecting susceptibility to any infection. The association between TB and weight loss is well recognised (Şengül et al 2014) . Serum feed regulating peptides like leptin and ghrelin are being cited causing weight loss in TB. Leptin is a protein hormone made up of 167 amino acids. Its main effect which relates to energy exhaustion and control of food intake is implicated as an anorexigenic factor that reduces appetite (Kim et al 2010 , Yurt et al 2013 . In addition, the adipocyte-derived hormone leptin has been shown to regulate the innate and adaptive immune response, both in normal and pathological conditions (Yurt et al 2013) .
Conversely, ghrelin is a 28-amino-acid peptide, which has been identified as the only known orexigenic hormone. It is produced by the stomach and plays a role in regulating pre-meal hunger and meal initiation as well as long-term energy balance. Ghrelin level increases in anorexic conditions and stimulates appetite (Ozturk et al 2013 , Yurt et al 2013 . Recently, leptin and ghrelin concentrations were shown to be changed in humans infected with tuberculosis (Kım et al 2010 , Yurt et al 2013 .
Another appetite-related hormone, nesfatin-1, may be a new potential cause of Mycobacterium bovis infection associated weight loss. Nesfatin-1, a recently discovered satiety peptide, contains 82 amino acids and is derived from NEFA/nucleobindin-2 (NUCB2). It was believed to be extensively responsible for the provision of appetite and metabolic regulation in the hypothalamus (Anwar et al 2014 , Sengül et al 2014 . This unique neuroendocrine peptide is measurable in the plasma, and becomes altered under different conditions in human. It is also involved in regulation of homeostasis via its important regulating role in food intake, appetite and body weight. It is identified as a satiety molecule that is associated with melanocortin signaling in the hypothalamus, decreasing food intake in a dose-dependent manner (Anwar et al 2014) . Also, nesfatin-1 has anti-inflammatory and anti-apoptotic effects, and inhibits smooth muscle relaxation in vessels (Şengül et al 2014) .
There are several reports on the status of appetite-related hormones in human tuberculosis (Keicho et al 2012 , Kim et al 2010 . However, there are limited studies available for the status of the appetite-related hormones in Mycobacterium bovis infection and there is no information about nesfatin-1 status in bovine or human tuberculosis. Therefore the purpose of this study was to determine the changes in the status of appetite-related hormones leptin, ghrelin, and nesfatin -1 and to clarify their possible roles on lipid and muscle metabolism in Mycobacterium bovis infection.
MATERIAL AND METHODS

ANIMALS AND SAMPLING
A total of 30 cattle, comprising 15 clinically healthy control animals and 15 cattle with tuberculosis from the Samsun province of Turkey were enrolled on this study. The Samsun province is in northern Turkey on the Black Sea coast. Blood samples were collected in lithium heparin and silicon gel coated test tubes. Serum samples were separated by centrifugation at 2500 rpm for 10 min at room temperature and kept at -80°C until processing.
The clinical status of each cattle was carefully evaluated and those with two or more obvious clinical signs of tuberculosis such as enlarged lymph nodes, appetite loss, fever, conjunctivitis, dermatitis, mouth and skin ulcers besides weakness were regarded as infected with tuberculosis. Cattle without any of these signs were classified as asymptomatic (table 1) .
The diagnosis of tuberculosis was detected by using the tuberculin skin test (TST). The TST was performed according to Bovine Tuberculosis Directive of Turkey Food and Agriculture Ministry. After clipping the bristle at the injection site, normal skin thickness was measured with a caliper and the injection site was disinfected. Cattle were inoculated with 0.1 mL of bovine PPD on the left side of the neck, and test results were determined by measuring the increase of the skin-fold thickness 72 h later. TST results were considered positive when there was an increase of 4 mm or more at the injection site.
BIOCHEMICAL ANALYSIS
Ghrelin, leptin, nesfatin-1, total cholesterol, HDL, LDL, and very high-density lipoprotein (VLDL) levels were determined in the blood samples. Serum triglycerides, total cholesterol, HDL levels, and the enzyme activities (aspartate aminotransferase-AST, alanine aminotransferase ALT, creatine kinase-CK) were analysed with the Roche Modular System autoanalyzer with enzymatic colorimetric method, by using Roche Diagnostic's reagent. Serum VLDL and LDL levels were calculated with Friedewald formüle (Friedewald et al 1972 , Osorio et al 2012 , Kessler et al 2014 as follows:
Serum ghrelin levels were analysed by using commercial ELISA test kits according to the instructions of the manufacturer (Phoenix-EK, 031/30). The lowest measured concentration of ghrelin was 10 pg/mL, with intra-and inter-assay CV values <10% and <15% respectively. All samples were run in duplicately in the assay. Leptin DRG ELISA kit (DRG-EIA, 2395) was used in the measurement of serum leptin levels. The lowest measured concentration of leptin was 2 ng/mL, with intra-and inter-assay CV values of 8.1% and 9.6%, respectively. All samples were run in duplicate in the assay.
Serum nesfatin-1 levels were measured by using a commercially available kit (Phoenix Pharmaceuticals Inc. USA). The procedures for determining the hormone levels were performed as recommended in the relevant catalogues, using microplayte reader (μQuant Elisa reader, Bio-Tek, USA). The intra-assay (within the same day) and inter-assay (between days) variation was determined for bovine serum from the average of three replicates. The lowest measured concentration of nesfatin-1 was 1.2 ng/ mL, with intra-and inter-assay CV were <10% and <15%, respectively. All samples were run in duplicate in the assay.
STATISTICAL ANALYSIS
The statistical significant differences between the control and BTB groups were determined for leptin, ghrelin, Nesfatin-1, total cholesterol, Triglyceride, LDL cholesterol VLDL cholesterol, HDL cholesterol, AST, ALT and CK by Student's t-test (SPSS 17.0); P values <0.05 were considered statistically significant. The correlation between the nesfatin-1 concentration with leptin, ghrelin and other biochemical parameters were analysed using Pearson's rank correlation coefficient.
RESULTS
The mean age of the 15 cattle included in this study was 2.5 ±1.3 years. The prevailing signs were enlarged lymph nodes, weakness, dermatitis, and mouth and skin ulcers.
In the present study, serum leptin, ghrelin, and nesfatin-1 concentrations, lipid profile parameters, and enzyme activities of the BTB group and healthy control are presented in table 2. And there were significant changes in lipid profile parameters and muscle enzymes activities in BTB group when compared with healthy controls.
In the study, the total cholesterol, triglyceride, LDL cholesterol and HDL cholesterol levels were found significantly lower in the BTB group than in the healthy controls. But no statistical difference was observed in VLDL levels between the groups. Serum AST, ALT, and CK activities were signifıcantly higher (P<0.001) in the BTB group when compared to the control group. In this study we also found significant changes in appetite-related hormone concentrations of cattles with tuberculosis when compared with the healthy controls. Serum nesfatin-1 concentrations were found significantly higher (P< 0.001) in BTB group than in the control group in the study (figure 1).
Whereas, leptin concentrations were lower (P <0.001) than those of the controls (figure 2a). The mean concentration of ghrelin in cattle with tuberculosis was significantly higher (P <0.05) than that of the control animals (figure 2b).
Positive weak correlations were observed between nesfatin-1 and ghrelin concentrations (r= 0.316, figure 3a) , while there was a negative correlation between nesfatin-1 and leptin (r= -0.515, figure 3b), triglyceride (r= -0.487), total cholesterol (r=-0.514), LDL cholesterol (r= -0.541). Likewise, positive correlations were found between nesfatin-1 and AST (r=0.545), ALT (r=0.623), and CK (r=0.576) of cattle with TB.
DISCUSSION
Because of the serious economic implications and zoonotic concerns associated with Mycobacterium bovis infection, the eradication of Mycobacterium bovis infection is very important. Tuberculosis is known to decrease appetite in infected individuals, resulting in weight loss in domestic cattle (Chaddock 2002) .
Previous research findings reveal that molecules like leptin and ghrelin, which are related to energy metabolism, are associated with human tuberculosis. Leptin plays a central role in the hormonal control of the energy balance. Several conflicting results have been reported for leptin levels in humans with TB: increased (Kim et al 2010 , Zheng et al 2013 , decreased (Keicho et al 2012) or not changed. In this study, serum leptin concentrations were significantly lower in the BTB group compared to the control group (figure 2a). Decreased leptin concentrations may be related with weight loss during the disease. Mycobacterium bovis infection may be associated with low serum concentrations of leptin. Serum levels of leptin decreased in BTB group and correlated negatively with nesfatin-1 concentrations ( figure 3a) .
We also evaluated serum ghrelin concentration which has functionally an opposed action of leptin because of its regulating role in appetite, food intake and energy metabolism. Serum ghrelin concentrations can change with acute as well as chronic eating problems (Ozturk et al 2013) . Conflicting results were reported for ghrelin levels in tuberculosis and other pulmonary diseases such as chronic obstructive pulmonary disease (COPD), cystic fibrosis, and lung cancer (Kim et al 2010 , Zheng et al 2013 . In this study, serum ghrelin concentrations were significantly higher (P<0.05) in the BTB group compared to the control group (figure 2b). The increase in serum ghrelin concentrations in the study may be linked to weight loss and anorexia in Mycobacterium bovis infection as a compensatory response. As a novel anorexic peptide, studies about nesfatin-1 are limited. Nesfatin-1 is a peptide hormone that is produced in the brain of mammals and responsible for the production of body fat and the regulation of appetite. The study conducted has shown that excess nesfatin-1 in the brain leads to a loss of appetite, less frequent hunger, and a drop in body fat and weight (Steingel et al 2013) . Abacı et al (2013) determined that serum nesfatin-1 values in obese children are also decreased. In Mycobacterium bovis infection, signs such as loss of both appetite and weight are observed. In our study, nesfatin-1 levels were significantly higher in the Mycobacterium bovis infection group when compared to the healthy controls (P<0.001, figure 1 ). Observed increases in nesfatin-1 levels may be related with weight loss and anorexia in Mycobacterium bovis infection as a result of the hormone role in inflammatory response.
Lipids are essential factors that determine our nutritional status and partipiciate in immune response. The significantly low concentrations of triglyceride, total cholesterol, LDL-cholesterol and HDL-cholesterol observed among tuberculosis patients in this study correlates with the findings of previous studies 1 (Oyedeji et al 2013 , Taparia et al 2015 . Reduced concentrations of these lipid Leptin (ng/mL) Ghrelin (pg/mL) fractions could have resulted from tissue and cell damage and consequently, may lead to wasting away and weight loss, as are often observed in TB patients. The lower levels of the lipid fractions observed in TB patients when compared with the health controls could also be a result of the impaired rate of lipid production and enhanced rate of lipid catabolic rate associated with TB infection (Taparia et al 2015) .
In the present study, serum muscular enzyme activities such as AST, ALT, and CK were also determined. It has long been recognised that ALT and AST are present in high concentrations in liver besides muscles, brain, etc. Nevertheless, these transaminases frequently are considered to be specific indicators of liver injury, several case reports demonstrate isolated hypertransaminasemia as an initial finding of muscle disease besides CK. Serum CK activity is greatest in striated muscle, heart tissue, and brain, and it is markedly elevated with breakdown of muscle. This may result from reduced muscle mass accompanying muscle wasting or cachectic states (Wright et al 2012) . Signifıcantly higher (P<0.001) activities of AST, ALT, and CK were determined in the BTB group when compared to the control group in this study. Increased activities of these muscular enzymes can be related to muscle cell damage as a result of weight loss and anorexia in Mycobacterium bovis infection.
In conclusion, in addition to the other well-known appetite-related hormones leptin and ghrelin, in this study we determined the serum nesfatin-1 concentrations in cattle with tuberculosis for the first time, in order to investigate their possible role in Mycobacterium bovis infection. The study reported increased concentrations of nesfatin-1 in Mycobacterium bovis infection, but its exact role in the etiopathogenesis of Mycobacterium bovis infection requires further investigation.
